infection in India has been found to be associated with adult T cell leukaemia/lymphoma (ATLL) and HTLV-Iassociated myelopathy/tropical spastic paraparesis (HAM/TSP) among life-long residents of southern India. To examine the heterogeneity of HTLV-I strains from southern India and to determine their relationship with the sequence variants of HTLV-I from Melanesia, 1149 nucleotides spanning selected regions of the HTLV-I gag, pol, env and pX genes were amplified and directly sequenced from DNA extracted from whole blood blotted onto filter paper and from peripheral blood mononuclear cells, obtained from one patient with HAM/TSP, two with ATLL and eight asymptomatic carriers from Andhra Pradesh, Kerala and Tamil Nadu.
Sequence alignments and comparisons indicated that the 11 HTLV-I strains from southern India were 99"2 % to 100% identical among themselves and 98.7% to 100% identical to the Japanese prototype HTLV-I ATK. The majority of base substitutions were transitions and silent. No frameshifts, insertions, deletions or possibly disease-specific base changes were found in the regions sequenced. The observed clustering of the Indian HTLV-I strains with those from Japan, as determined by the maximum parsimony method, suggested a common source of HTLV-I infection with subsequent parallel evolution. Amplification of DNA from blood specimens collected on filter paper may be useful for the study of other blood-borne pathogens.
A spastic paraplegic syndrome of possible viral aetiology was described in southern India more than 2 decades ago (Mani et al., 1969) , but the failure of recent attempts to demonstrate human T cell lymphotropic virus type I (HTLV-I) infection in such patients has prompted some investigators to conclude that HTLV-I has no aetiological role in the occurrence of spastic myelopathy in this region (Lalkaka et al., 1988 ; Richardson et al., 1989; Ravi et al., 1992) . Recently, however, the controversy over the occurrence of HTLV-I infection and disease in India (Advani et al., 1987; Kelkar et al., 1990) has been settled by finding HTLV-I to be associated with adult T cell leukaemia/lymphoma (ATLL) and HTLV-Iassociated myelopathy/tropical spastic paraparesis (HAM/TSP) among inhabitants of southern and western India (Chandy et al., 1991; Babu et al., 1993; . We have determined the genetic diversity of the Indian strains of HTLV-I and clarified their phylogenetic relationship with the sequence variants of HTLV-I from Melanesia . This was achieved by amplification using PCR and then direct sequencing of selected regions of the HTLV-I gag, pol, env and pX genes in DNA extracted from whole blood blotted onto filter paper and from uncultured peripheral blood mononuclear cells (PBMC) obtained from 11 virus-infected, life-long residents of Andhra Pradesh, Kerala and Tamil Nadu in southern India, all of whom denied blood transfusion, intravenous drug use or foreign travel. Eight of the HTLV-I-infected individuals were members of three unrelated families (Table 1) .
Approximately 5 ml of whole blood, collected after obtaining informed consent, was blotted onto neonatal 903 filter paper (Schleicher & Schuell) , allowed to air-dry for 8 to 16h, then placed between two sheets of cardboard and sealed in individual plastic bags for transshipment at ambient temperature to the NIH. DNA was extracted from these samples within 3 weeks to 15 months after collection. Briefly, randomly selected regions of each filter paper-blotted blood sample were cut into six pieces (measuring approximately 1 mm 2) and placed into 0'5 ml microfuge tubes containing 20 gl of GeneReleaser (Bioventures), Specimens were then overlaid with 40 !al of mineral oil, and DNA was released from the filter paper by denaturation and cooling in a thermocycler, using cycling conditions recommended by the manufacturer. This was then incubated at 80 °C before amplification. Alternatively, six 1 mm 2 pieces of filter paper-blotted blood, placed into 0.5 ml microfuge tubes containing 200 lal of 5 % Chelex solution (Bio-Rad Laboratories) prepared in distilled water, were incubated at 57 °C for 20rain, then boiled for 10min and centrifuged for 10 min at 15600g. High M r DNA was extracted using a non-organic method (Oncor) from Ficoll gradient-separated uncultured PBMC from one of the 11 study participants, a 40-year-old woman with ATLL from Kerala (Table 1 , case 11). Oligonucleotide primers for PCR and direct DNA sequencing were derived from sequences of the Japanese HTLV-I strain ATK (Seiki et al., 1983) for the B cell immunodominant domain on the carboxy-terminal p 19-encoding region of the gag gene (bases 1081 to 1100, 5' ACTCATCCAAACCCAAGCCC 3' and bases 1278 to 1257, 5' GCCTGTAGGTCTTTCATTTGC 3'); the amino-terminal p24-encoding region of the gag gene (bases 1423 to 1444, 5' CCATCACCAGCAGCTAGA-TAGC 3' and bases 1560 to 1537, 5' AGTTGCTGGT-ATTCTCGCCTTAAT 3'); the 3' end of the pol gene (bases 4757 to 4778, 51 CCCTACAATCCAACCAGC-TCAG 3' and bases 4942 to 4919, 5' GTGGTGAAGC-TGCCATCGGGTTTT 3'); the gp46-encoding region of the env gene (bases 5228 to 5246, 5' TTTATTCTTCC-AGTTCTGC 3' and bases 5596 to 5572, 5' TAGGGG-CTGGAGACGGCTCCTGTAT 3'); the gp21-encoding region of the env gene (bases 6068 to 6087, 5' TCATA-ACTCCCTCATCCTGC 3' and bases 6481 to 6462, 5' CAGCCAGTCAGGACTCGATT 3'); and the orf-II of the pX gene (bases 7358 to 7377, 5' CGGATACCC-AGTCTACGTGT 3' and bases 7516 to 7496, 5' GAG-CCGATAACGCGTCCATCG 3'). Reaction mixes were cycled as described previously .
Amplicons, purified using Centricon 100 microconcentrators (Amicon), were sequenced directly and in both directions using the Taq dye deoxynucleotide terminator cycle sequencing kit (Applied Biosystems) on an automated sequencer (model 373A, Applied Biosystems) (Nerurkar et al., 1993) . Sequence ambiguities were resolved by manual sequencing using the Sequenase version 2.0 DNA sequencing kit (U.S. Biochemicals). Sequence analysis was facilitated by using programs available on the VAX computer system, as part of the Genetics Computer Group (Devereux et al., 1984) .
Nucleotide and deduced amino acid sequence of the Indian HTLV-I strains were aligned and compared with those of HTLV-I strains ATK (Seiki et al., 1983) , H5 (Tsujimoto et al., 1988) , TSP-1 (Evangelista et al., 1990) and MT-2 (Gray et al., 1989 (Gray et al., , 1990 ) from Japan, HS-35 (Malik et al., 1988) and CH (Paine et al., 1991 ; from the Caribbean basin, pt3 from Brazil (Schulz et al., 1991) , ST from Chile (Dekaban et al., 1992) , EL from Zaire (Paine et al., 1991; Ratner et al., 1991) , BEL 1 from the Polynesian Outlier Bellona (Nerurkar et al., 1993) , MEL 1 from Papua New Guinea (Nerurkar et al., 1993) and MEL 5 from the Solomon Islands (Nerurkar et aI., 1993) , as well as with sequences of simian T cell lymphotropic virus type I (STLV-I) strains PtM3 from a pig-tailed macaque (Macaca nemestrina) from Indonesia (Watanabe et al., 1985) , MM39-83 from a naturally infected rhesus macaque (Macaca mulatta) born in captivity (K.-J. Song, V. R. Nerurkar and R. Yanagihara, unpublished observations) and Tan90 from a tantalus monkey (Cercopithecus aethiops var. tantalus) from Central Africa (Saksena et al., 1993) , and sequences of human T cell lymphotropic virus type II (HTLV-II) strain Mo from the United States (Shimotohno et al., 1985) .
Since the DNA samples employed in PCR were extracted directly from whole blood blotted onto filter paper and from uncultured PBMC, the proviral sequences presented here did not result from selection of virus populations from in vitro manipulation. Alignment and comparison between the Indian HTLV-I strains and virus strains from widely separated geographic regions indicated a high degree of sequence similarity with HTLV-I strains from Japan. Few base substitutions, primarily transitions, were found in each of the gene regions of the Indian HTLV-I strains ( Fig. 1 a to f) . The overall nucleotide sequence similarity between the 11 Indian HTLV-I strains and the prototype HTLV-I strain ATK from Japan was 98'7% to 100%, and the intrafamilial nucleotide sequence heterogeneity was nil to 0"1% among the eight Indian HTLV-I strains from three unrelated families. Neither termination codons, frameshifts, insertions nor deletions were identified in the 11 HTLV-I strains from southern India. In addition, no significant differences in nucleotide sequences were found between the virus strains from patients with ATLL or HAM/TSP and from asymptomatic carriers in southern India.
The greatest degree of diversity of the regions sequenced was found in the gp46 external glycoproteinencoding region of the env gene ( Fig. 1 d and Table 2 ). At base position 5415, an A+G transition was found in HTLV-I strains CMCH l, CMCH 3 and CMCH 8, which was shared with HTLV-I strain TSP-1 from Japan and strain CH from the Caribbean and with STLV-I strains PtM3 and MM39-83 (Fig. 1 d) . HTLV-I strains CMCH 1 and CMCH 3 which belonged to the same family were identical to each other except at position 5265 (T -+ G) and differed from all other Indian HTLV-I strains at position 5423 (T--, C).
All base substitutions in each of the gene regions of the Indian HTLV-I strains were silent and synonymous when compared to the cosmopolitan HTLV-I strain ATK, except in the 108-amino acid gp46-encoding region of the env gene, in which HTLV-I strains CMCH 1, CMCH 3, CMCH 8 and CMCH 13 differed by two to four amino acids (1.9 % to 3.7 %) from HTLV-I ATK, specifically at amino acid positions 19 (Phe-~Leu), 22 (Tyr -+ Asp), 72 (Ser-+ Gly) and 89 (Thr-~ Ile). The Phe-+Leu change at position 19 and the Ser~Gly replacement at position 72 in the Indian strains of HTLV-I were shared with several HTLV-I strains from widely separated regions.
The amino-terminal neutralizing domain (composed of amino acids 88 to 98, TrpIleLysLysProAsnArgAsnGlyGlyGly), encoded by bases 5463 to 5495, on the gp46 external envelope glycoprotein was totally conserved between the Indian HTLV-I strains and those HTLV-I strains from other widely separated geographical regions, including Melanesia, except for HTLV-I ATK, in which the corresponding sequence was TrpThrLysLysProAsnArgAsnGlyGlyGly. The considerable sequence and functional conservation of the neutralizing domains on the external envelope glycoprotein among HTLV-I strains from widely separated geographical regions, including Melanesia (Melland, 1992) , suggests that synthetic peptide-or recombinant protein-based subunit vaccines may offer protection against HTLV-I worldwide.
To ascertain the reliability of the derived topologies, phylogenetic trees were constructed using the unweighted pair-group method of assortment (UPGMA), which assumes a constant rate of evolutionary change, and the maximum parsimony method, which accommodates variable rates of change. The branch-and-bound search of the PAUP version 3.1 program (Swofford, 1993) was used to ensure that the true number of parsimonious trees was found. Six equally parsimonious trees, requiring 637 nucleotide substitutions, were constructed from the 325 bp gp46 and 374 bp gp21-encoding regions of the env gene. Bootstrap probabilities (as percentages) for the internal branches of the strict consensus tree, as determined for 1000 resampling using the PAUP program, were quite high (91% to 100%), demonstrating that the HTLV-I strains from Japan, India and the Caribbean formed a monophyletic group and that the Melanesian HTLV-I strains evolved independently of cosmopolitan strains (Fig. 2) . The branch patterns of the UPGMA trees based on the same env gene sequences and on 1149 nucleotides spanning the gag, pol, env and pX genes were nearly identical to the consensus PAUP tree, using either STLV-I strain PtM3 or HTLV-II strain Mo as the outgroup (data not shown). Congruency of the phylogenetic trees, based on different gene regions by two algorithms, supported the evolutionary relationship between the HTLV-I strains from southern India and other geographic regions, including Melanesia.
Consistent with the data presented here, HTLV-I strains from two patients with HAM/TSP from western India have been shown to exhibit > 98% sequence similarity to the Japanese prototype HTLV-I ATK . Sequence analysis of HTLV-I strains obtained from Iranian-born Mashhadi Jews in Israel also indicate a possible genetic link with the Indian strains of HTLV-I (V. R. Nerurkar, K.-J. Song, A. Achiron and R. Yanagihara, unpublished) . Phylogenetic networks based on a variety of genetic markers, including red cell enzymes and serum proteins, show a close evolutionary relationship between Asiatic Indians and Iranians (Saitou et al., 1992) .
Collectively, the data can be interpreted as being consistent with early migrations of human populations from the Middle East to India, as well as to Northeast Asia, dating more than 50000 years before the present Short communication ( Nei & Roychoudhury, 1993) and with more recent migrations from the Middle East to Kerala in southern India and to Gujarat in western India, approximately 1000 to 1300 years ago (Undevia et al., 1972; Balkrishan, 1978) . More recently, visits by Tamils from southern India to southwestern Japan, albeit unverified, are presumed to have occurred during the 16th century (Kantha, 1986) . Admittedly the hypothesis that these ancient or more recent population movements and resettlements account for the close genetic similarities between HTLV-I strains in India, Japan and the Middle East is speculative, but not implausible, especially when viewed within the context of the likely spread of HTLV-I to parts of the New World by the African slave trade, beginning in the 16th century (Gessain et al., 1992) . The origin of HTLV-I in India and the extent to which strains of STLV-I contributed to the emergence of HTLV-I in India are not certain. However, the demonstrated marked sequence divergence of more than 10 % between the Indian HTLV-I strains and STLV-I strains from rhesus and bonnet macaques from India (K.-J. Song, V. R. Nerurkar, T. Ishida and R. Yanagihara, unpublished) make it less likely that the HTLV-I strains in India evolved recently from STLV-I harboured by Asian macaques. Further molecular genetic studies of HTLV-I strains from elsewhere in India and from the offshore islands in the Indian Ocean, such as Reunion and the Seychelles, and of STLV-I isolates from other non-human primates in India and Sri Lanka may provide additional insights into the emergence and early dissemination of the primate T cell lymphotropic viruses.
As in other HTLV-I-endemic regions, HTLV-I infection in southern India tended to cluster in families. In one of the Indian families we studied, consisting of a railway guard with HAM/TSP and his asymptomatically infected wife and two sons from Andhra Pradesh, HTLV-I infection was probably transmitted from the patient to his wife by sexual intercourse and the two sons probably acquired infection during infancy via breast feeding (Babu et al., 1992 (Babu et al., , 1993 . The genomic identity of HTLV-I strains from members of the same Indian family is not unexpected and is consistent with the high degree of sequence similarity among HTLV-I strains from infected families in Martinique (Gessain et al., 1992) , Zaire (Goubau et al., 1992) , Papua New Guinea and the Solomon Islands (Nerurkar et al., 1993) .
The logistics of transporting blood samples over long distances from the patients' residences to the laboratory in Vellore and the unavailability of laboratory instrumentation and supplies for adequately processing blood specimens, during the early phases of this study, precluded any possibility of separating PBMC by Ficoll gradient centrifugation for DNA isolation. Thus, we had to resort to extracting DNA from filter paper-blotted whole blood to characterize nearly all of the HTLV-I strains from southern India reported here. However, as evidenced by PCR and subsequent sequencing, the quality of the DNA extracted from filter paper-blotted blood stored at room temperature for 3 weeks to 15 months, using either GeneReleaser or Chelex, was as high as that obtained from Ficoll-gradient-separated uncultured PBMC. Thus, gene amplification from filter paper-blotted blood and subsequent direct sequencing permit rapid genetic analysis of HTLV-I strains from remote populations.
